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Unexamined Patent No. Sho~6 1-1 97463 laid open on September 1, 1986. 




Michihiko Matsuba 
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CALCIUM PHOSPHATE BASED SINTERED BODY FOR BIOMEDICAL USE 

Japanese Unexamined Patent No. Sho-61-197463 

Laid-open on: September 1, 1986 

Application No. Sho-60-39989 

Filed on: February 27, 1985 

Inventor: Akira WATANABE, et al. 

Applicant: Kyushu Refractories Co., Ltd. 

SPECIFICATION 

1. TITLE OF THE INVENTION 

Calcium phosphate based sintered body for biomedical use 

2. WHAT IS CLAIMED IS; 

A calcium phosphate based sintered body for biomedical use, 
wherein the calcium phosphate based sintered body is obtained 
by adding a calcium phosphate based glass or a calcium phosphate 
based crystallized glass containing 0.05 to 10 parts by weight 
of a rare earth oxide based on 100 parts by weight of a calcium 
phosphate composition with an atomic ratio of calcium to 
phosphorus Ca/P of 0.35 to 1.7, as a sintering aid at 0.1 to 
25 parts by weight based on a calcium phosphate based 
crystallized body, and heating/sintering. 

3. DETAILED DESCRIPTION OF THE INVENTION 



[Field of the Invention] 

The present invention relates to a sintered body of a calcium 
phosphate based crystal which is optimal as a dental material 
and medical material such as an artificial bone material. 

[Prior Arts] 

Recently, the use of ceramics has been notably expanded, 
extended to the medical field, and practical application of 
ceramics to medical material such as artificial tooth roots 
in which conventionally metals and plastics have been primarily 
used has been attempted. 

As ceramics for biomedical use, various types of alumina 
and carbon have been published, and calcium phosphate based 
materials are excellent in terms of bioaffinity, and have 
attracted much attention. 

[Problems to be Solved by the Invention] 

Generally, in the calcium phosphate based materials, 
hydroxyapatite and tricalcium phosphate are produced by 
pressure-molding a powder crystallized body and subsequently 
sintering at high temperature. 

When only the powder of hydroxyapatite or tricalcium 
phosphate is sintered, it must be sintered at considerably high 
temperature because a high sintering degree is required for 
obtaining high strength. However, when treated with heat at 
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high temperature, particle growth occurs simultaneously with 
sintering to increase crystallite sizes, hydroxyapatite is 
dehydrated to become tricalcium phosphate, and in the case of 
tricalcium phosphate, its crystal is transferred from P type 
to a type. These are drawbacks in making the sintered body with 
an inferior physical property. 

Therefore, in order to produce the sintered body with high 
strength at low temperature, complicated production 
procedures such as hot press and isostatic press must be used, 
and this has not avoided making the product expensive. 
[Means for Solving Problems] 

In the present invention, a sintered body of a calcium 
phosphate based crystallized body material such as 
hydroxyapatite and tricalcium phosphate with high density and 
high strength is easily obtained by sintering under usual 
atmospheric pressure, by adding a calcium phosphate based glass 
or a calcium phosphate based crystallized glass containing a 
rare earth oxide as a sintering aid when the calcium phosphate 
based material such as hydroxyapatite and tricalcium phosphate 
is sintered. 
[Action] 

The calcium phosphate based glass or the calcium phosphate 
based crystallized glass containing the rare earth oxide added 
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in the present invention has a lower melting point than 
hydroxyapatite and tricalcium phosphate. Therefore, it is 
melted at a much lower temperature than the temperature at which 
hydroxyapatite or tricalcium phosphate itself is sintered and 
generates direct bonds, becomes a melted solution with low 
viscosity, penetrates among particles of hydroxyapatite or 
tricalcium phosphate, and generates firm bonds. Thus, 
hydroxyapatite and tricalcium phosphate can be densely 
sintered at low temperature, and it also becomes possible to 
inhibit particle growth. 

In the present invention, the rare earth oxide is contained 
in the calcium phosphate based glass or the calcium phosphate 
based crystallized glass as the sintering aid, this rare earth 
oxide enhances wetting with hydroxyapatite and tricalcium 
phosphate, and facilitates the action of the calcium phosphate 
based glass or the calcium phosphate based crystallized glass 
as the sintering aid. 

Furthermore, this rare earth oxide inhibits the particle 
growth of hydroxyapatite and tricalcium phosphate to enhance 
the strength of the sintered body, simultaneously works as a 
crystal nucleus forming agent upon crystallization of the 
sintering aid which finally becomes the calcium phosphate based 
crystallized glass, further inhibits the particle growth of 
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the calcium phosphate crystals, and serves to enhance the 
strength of jointed portions. 

This way, the calcium phosphate based glass or the calcium 
phosphate based crystallized glass containing the rare earth 
oxide enhances the sintering degree of the resulting sintered 
body and scarcely increases the crystal particles. Therefore, 
if hydroxyapatite or tricalcium phosphate composed of 
extremely fine crystal particles synthesized by a 
precipitation method is used as a raw material, it is possible 
to inexpensively produce hydroxyapatite ceramics or 
tricalcium phosphate ceramics with high strength composed of 
fine crystal particles on an industrial scale. 
[Constitution of the Invention] 

A calcium containing compound such as calcium oxide, calcium 
hydroxide, calcium carbonate and calcium oxalate which 
generates CaO by sintering and a phosphorus containing compound 
such as phosphoric acid and polyphosphoric acid which generates 
an oxide of phosphorus by sintering are used as starting 
materials of the calcium phosphate based glass or the calcium 
phosphate based crystallized glass containing the rare earth 
oxide which is the sintering aid of the present invention. 
Alternatively, calcium phosphate, apatites or a scrap of 
calcium phosphate used for other applications can also be used. 
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Meanwhile, as the rare earth compound, compounds of 
carbonate, hydroxide and nitrate, which become oxide by 
sintering are used in addition to oxide. One or two or more 
rare earth compounds are used in mixture, and it is desirable 
to include yttrium, lanthanum and cerium therein. 

One or two or more calcium containing compounds, phosphorus 
containing compounds and rare earth compounds are selected, 
and for the composition thereof, an atomic ratio of calcium 
to phosphorus, Ca/P is in the range of 0.35 to 1.7. The rare 
earth compound is added in an amount of 0.05 to 10 parts by 
weight in terms of oxide based on 100 parts by weight of calcium 
phosphate . 

When this atomic ratio Ca/P is 1.7 or more, the melting 
temperature becomes high and the vitrification does not occur. 
Conversely when the atomic ratio is 0.35 or less, the melting 
temperature becomes low and the vitrification becomes easy, 
but it is not preferable because the crystallization treatment 
becomes difficult and excessive phosphoric acid is liberated 
to chemically unstabilize. When a content of the rare earth 
oxide is less than 0.05 parts by weight, an addition effect 
is poor whereas when it is 10 parts by weight or more, it is 
not preferable because the effect is not increased considering 
the added amount and the melting temperature is elevated. 
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A raw material combination is thoroughly mixed after 
weighing, placed in a container, and heated at 900°C or above, 
preferably 1000 to 1600°C to melt. The melting at 1700°C or more 
requires attention because a phosphorus component begins to 
evaporate . 

After the completion of melting, a melted mixture is cooled 
to vitrify. This glass can be directly used as the sintering 
aid. Alternatively, this glassy material is appropriately 
heated to make a crystallized glass, which can be then used 
as the sintering aid. Crystallization of the glass is performed 
in an appropriate heating apparatus such as an electric furnace 
at a temperature of the melting temperature or below, 
preferably at 600 to 1000°C. 

Next, the method for producing the sintered body will be 
set forth. 

Crystallized body such as hydroxyapati te and tricalcium 
phosphate with a high melting point is suitable for the calcium 
phosphate based crystallized body which is the raw material 
of the sintered body. The method for production thereof is not 
particularly limited, but those synthesized by the 
precipitation method have fine particles and thus are 
particularly preferable. 

Finely pulverized calcium phosphate based glass or calcium 
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phosphate based crystallized glass described above is added 
in an amount of 0.1 to 25 parts by weight based on 100 parts 
by weight of this pulverized crystallized body. When this 
amount to be added is 0.1 parts by weight or less, enhancement 
of a sintering property by the addition cannot be anticipated 
whereas when it is 25 parts by weight or more, nature of the 
joined portions appears excessively as the property of the 
sintered body and the property of hydroxyapatite and tricalcium 
phosphate cannot be exerted. 

Water or a molding aid aqueous solution of dextrin, CMC or 
PVA is added to the above mixture, thoroughly kneaded, and 
subsequently molded. A molding method such as compression 
molding or rubber press commonly performed at ambient 
temperature is used for this molding, and a special method such 
as hot press at high temperature is not required. 

Then, a molded body is burned in an appropriate burning 
apparatus such as an electric furnace at 900 to 1500°C for 0 
to 5 hours to make the sintered body of the present invention. 
[Examples ] 
Example 1 

Yttrium nitrate in an amount of 5 parts by weight in terms 
of Y 2 0 3 based on 100 parts by weight in terms of calcium phosphate 
was added to calcium carbonate powder and orthophosphor ic acid 
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was weighted so that the atomic ratio of calcium to phosphorus 
Ca/Pis0.55, thoroughly kneaded, subsequently melted at 1300°C 
for 1 hour, and rapidly cooled to vitrify. 

Then, the above yttrium containing calcium phosphate based 
glass in an amount of 5 parts by weight was added to 100 parts 
by weight of tricalcium phosphate with an average particle 
diameter of 0.5 (im obtained by the precipitation method, and 
thoroughly mixed by a wetting method. This was dried at 110°C 
for 3 hours, then molded into a cylinder with 30 <|> x 80 mm by 
pressing at 1500 kg/cm 2 using rubber press, and subsequently 
burned at 1300°C for one hour to sinter. 

The resulting sintered body exhibited the sintering degree 
of 99.8% which was very dense, and a three point bending 
strength of 255 MPa which was very high. When a structure of 
a cutout section was observed by SEM, the structure was composed 
of fine particles of 1 urn or less and it was found that the 
particle growth was strongly inhibited. 
Comparative Example 1 

Only the same tricalcium phosphate particles as in Example 
1 were molded into the same shape as in Example 1 using the 
rubber press at a pressure of 2000 kg/cm 2 , and burned at 1450°C 
for 3 hours to sinter. 

The resulting sintered body exhibited the sintering degree 
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of only 94% and had the structure with considerable residual 
pores. Its three point bending strength was only 86 MPa which 
was a lower value compared to Example 1 . On the observation 
by SEM, the presence of large particles of 10 to 15 |im and pores 
was observed, and this appeared to result in reducing the 
strength . 

[Effects of the Invention] 

As is seen in the Example, in the present invention, the 
dense calcium phosphate based sintered body with high strength 
which has the higher sintering degree can be obtained even at 
lower molding pressure and a lower sintering temperature by 
using the calcium phosphate based glass or the calcium 
phosphate based crystallized glass containing the rare earth 
compound as the sintering aid. Furthermore, the particle growth 
is inhibited due to the low temperature upon sintering thereby 
being capable of yielding high strength. 
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